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This study investigates the spatial and temporal variation of intertidal macroalgae along the eastern coasts of Qeshm
Island, Persian Gulf, Iran. Monthly sampling of abundance, biomass, richness and diversity of macroalgae at three intertidal
levels was carried out at two different sites during 1 year. The samples were collected every month using quadrats (0.5 ×
0.5 m) from October 2012 to September 2013. The species dry weight was applied to examine changes in biomass
and assemblage composition of intertidal macroalgae using univariate and multivariate analyses. A total of 42
seaweed species (10 Chlorophyta, 9 Phaeophyceae, and 23 Rhodophyta) were identified. The results confirmed a
temporal pattern in the growth of the algal species which also showed a biomass zonation pattern from upper
to lower intertidal. The annual mean biomass of macroalgae was highest in winter (29.3 ± 9.8 g dry wt m−2) and
the lowest in autumn (17.3 ± 13.5 g dry wt m−2). The annual dominant species by biomass was Padina sp.
followed by Padina australis. The most common species in the area, during the sampling period include Ulva
intestinalis, Ulva lactuca, Palisada perforata and Padina sp. According to the similarity percentages analysis
(SIMPER), the species Ulva intestinalis, Dictyosphaeria cavernosa (Chlorophyta), Padina australis (Phaeophyceae),
Champia spp., Centroceras clavulatum and Palisada perforata (Rhodophyta) were responsible for the most
dissimilarity of species composition between four seasons during the sampling period. BIOENV analysis indicated that
the main environmental factors structuring macroalgal community at the study area were TDS and pH. The simple
macroalgae community on the eastern coast of Qeshm Island and absence of slow-growing perennial macroalgae,
such as members of the Sargassaceae, known from the lower shore at other intertidal localities along the island’s coast
might relate to the predominantly unsuitable sandy-stony substrates unsuitable for their colonization and the unfavourable
impact upon them of urbanization.
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Marine macroalgae, also known as seaweeds, are the macro-
benthic forms of marine algae that are found from intertidal
to shallow subtidal zones. These macro-autotrophs include
three major divisions: Chlorophyta (green algae), Ochro-
phyta, class Phaeophyceae (brown algae), and Rhodophyta
(red algae) (Koch et al. 2013). Seaweeds along with
seagrasses are part of the base of the food web in marine* Correspondence: Morteza110110@gmail.com
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processes. They also support the diverse assemblages of
associated species by providing them a physical structure
(Koch et al. 2013; Leopardas et al. 2014). Therefore, any
changes in patterns of such habitat-forming species may
create bottom-up changes in the food web and influence
the associated fauna and flora (Bates and DeWreede 2007).
The Seasonal variation in rainfall, salinity, nutrients
and light intensity could result in a kind of succession in
the intertidal macroalgae. Consequently, the structure
and composition of macroalgae assemblages fluctuate
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1998; Sangil et al. 2011; John 2012). Understanding changes
in their communities by detection and monitoring of local
species, their distribution, and their availability is an indis-
pensable part of a long term preservation and management
of biodiversity in coastal waters (Trono 2003; Raffo et al.
2014). Additionally, it may lead to predict the ecological re-
sponses to environmental changes such as pollution and
climate change that are mainly expressed as changes in spe-
cies distribution, abundance, and diversity.
To date, few papers have published on the dynamics of
macroalgae communities in coastal waters of the Persian
Gulf and the Gulf of Oman. The previous studies have fo-
cused on the biomass variation and diversity of seaweeds
among seasons, whereas the species composition in differ-
ent seasons and the role of specific macroalgae in the vari-
ation of community were neglected. The only previous
quantitative study on variation in biomass and seaweed di-
versity using univariate analysis was undertaken by
Dadolahi-Sohrab et al. (2012). The purpose of this study,
therefore, was to provide the first comprehensive quanti-
tative investigation of vertical and seasonal changes in theFig. 1 Map of the Qeshm Island indicating the sampling locations: Zeituncomposition and structure of macroalgae at a local scale
with regard to community structure and composition.
This study has three key objectives: (1) to determine tem-
poral changes in composition and diversity of macroalgal
assemblages and its relation to the environmental vari-
ables in the intertidal zone of two gently sloping shores;
(2) to describe the zonation patterns of three groups of
seaweeds in the study area (3) and; to identify the domin-
ant species of every season in the study area.
Methods
Field study site
This study was carried out in the intertidal zone of the
eastern coasts of Qeshm Island (an urbanized area) from
October 2012 to September 2013. Qeshm is the largest
island of the Iranian side of the Persian Gulf with an
area of 1491 km2 (Aghajan Pour et al. 2013). Two
locations were selected on the eastern coasts of the island:
Zeitun Park (site 1) (26 ° 55' N, 56 ° 16' E) with a sandy-
rocky substrate and Botanical Garden (site 2) (26 ° 58' N,
56 ° 15' E) with a sandy- stony substrate (Fig. 1). The inter-
tidal zone of these areas was between 100 and 150 m widePark (site 1), Botanical Garden (site 2)
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tude of semi-diurnal tides (0.12–3.37 m). The
temperature, turbidity, salinity, TDS (total dissolved
solid) and pH of surface water was measured every
month during the year of sampling. In the sampling
area, the temperature varied between 25 and 33 °C and
salinity ranged between 42.3 and 43.7 ppt. during the
temperate and warm seasons, respectively.
Sampling design
At each site, three line transects perpendicular to the
waterline, were placed randomly to investigate vertical
distribution of macroalgae. Three intertidal levels were
sampled (high, middle and low) along each transect (in-
cluding tidal pools) in which three quadrats (50 × 50 cm)
were used systematically at each level to compare the
changes on the algae community structure throughout
the year. The sampling collection was performed
monthly from October 2012 to September 2013. All
macroalgae within each quadrat (total replicates = 324
quadrat for each site during the year) were removed,
bagged, labeled by location and transported to the labora-
tory immediately. Voucher specimens of the collected
algae were preserved in 3 % seawater-formaldehyde and
left in darkness for identification. The different species of
macroalgae within each quadrat were dried separately in
an oven at 60 °C for 24 h., and weighed to the nearest
0.01 g using an analytical balance (Sartorius AG Germany
LA120S). Macroalgae abundance was obtained as dry bio-
mass (g) of each macroalgae species. Identification was
done using the taxonomic keys and local checklists (De
Clerck and Coppejans 1996; Sohrabipour and Rabiei 1999;
Sohrabipour and Rabiei 2007; Sohrabipour et al. 2004;
Trono 2003; Jha et al. 2009; Braune 2011) to the lowest
possible taxonomic level. The names of species and
their classifications were validated with AlgaeBase and
updated when necessary. Finally, voucher specimens
were deposited in Marine Herbarium of Hormozgan
University, Bandar Abbas, Iran.
Statistical analyses
Species richness (S), Shannon-Wiener diversity (H′) and
Pielou’s evenness (J′) (Jørgensen et al. 2005), for each
season were calculated, using the PRIMER-5 (Plymouth
Routines in Multivariate Ecological Research) statistical
package (Clarke and Warwick 2001). ANOVA tests were
then used to determine whether the diversity indices dif-
fered significantly between seasons (p < 0.05), pairwise
comparisons were conducted with HSD Tukey post hoc
test using SPSS 22. Spatial and temporal patterns in
assemblage structure of macroalgae were visualized by
cluster analyses based on Bray-Curtis similarity matrix
applying the fourth root transformation of mean dry
weight (g) of each species. Differences in macroalgaeassemblages among seasons (spring, summer, autumn,
winter) were examined by a one way ANOSIM test (in
PRIMER-5) at a significance level of 5 % (p < 0.05).
When differences were noticed among a season-group,
the similarity percentages analysis (SIMPER) was per-
formed to determine the taxa having the greatest con-
tribution to the dissimilarity between each pair of
seasons. This was used to distinguish the main macro-
algae responsible for between-group dissimilarity. The
relationship between the environmental variables and
the macroalgal assemblage was assessed using the
BIOENV analysis (PRIMER-5) which compares a bio-
logical similarity matrix with abiotic similarity matrices
(Clarke and Warwick 2001).Results
Distributional patterns and composition of seaweed
assemblages
In the present study a total of 42 macroalgae taxa (10
Chlorophyta, 9 Ochrophyta, class Phaeophyceae, and 23
Rhodophyta) belonging to 18 families were identified
across the three intertidal levels in four seasons and two
localities (Table 1). Most of the specimens were deter-
mined to the species level. Dictyotaceae (brown algae)
with six species was the most common family in the area
followed by Rhodomelaceae and Cystocloniaceae with
five species (red algae). Among the green algae Ulvaceae
was the most abundant family in the area. In most
seasons the most common species was Palisada perfor-
ata (Rhodophyta in site 1, and Ulva lactuca and Ulva
intestinalis (Chlorophyta) in site 2. Different species of
Padina were found in most seasons at both sites. The
annual dominant species by biomass was an unidentified
Padina (Padina sp.) followed by Padina australis. The
low intertidal zone had the highest number of species
whereas the high intertidal level showed the least num-
ber of species. All taxa were confined to one of the three
defined zones except Ulva lactuca and U. intestinalis
which dominated in each of the zones.Variation of biomass
The highest and lowest mean total biomass of macroal-
gae in the study area was observed in winter (29.3 ±
9.8 g dry wt m−2) and autumn (17.3 ± 13.5) respectively.
The highest mean total biomass was recorded in the
low intertidal level in all seasons except autumn, when
low intertidal and mid intertidal zones had almost the
same biomass (Fig. 2).
The mean maximum biomass of green algae (17.76 g
dry wt m−2) was recorded in winter and the minimum
value (0.63) in summer. Whereas, the highest mean total
biomass of brown algae (23.8) was observed in summer
and the lowest value in spring. Red algae showed a
Table 1 Seasonality of macroalgae at three shore levels in the eastern coasts of Qeshm Island (2012–2013). Superscripts indicate the
site(s) that the species has found
Macroalgae Autumn Winter Spring Summer
Low Mid High Low Mid High Low Mid High Low Mid High
Chlorophyta
Bryopsis plumosa (Hudson) C. Agardhb x x x
Caulerpa sertularioides (S.G. Gmelin) M. Howe forma farlowii
(Weber-Van Bosse) Børgesenc
x x x x x
Caulerpa taxifolia (Vahl) C. Agardhb x
Chaetomorpha sp.b x
Cladophora sp.b x x x x x
Dictyosphaeria cavernosa (Forskål) Børgesena x x x
Valoniopsis pachynema (G.Martens) Børgesena x x x x x
Ulva fasciata Delileb x x x x x x
Ulva intestinalis Linnaeusb x x x x x x x x x x x x
Ulva lactuca Linnaeusb x x x x x x x x x x
Ochrophyta (class Phaeophyceae)
Canistrocarpus cervicornis (Kützing) De Paula & De Clerckb x
Dictyota friabilis Setchellc x
Dictyota dichotoma (Hudson) J.V. Lamourouxb x x x
Padina australis Hauckc x x x x x x x
Padina tetrastromatica Hauckc x x x x x
Padina sp.c x x x x x x x x
Turbinaria ornata (Turner) J. Agardha x
Colpomenia sinuosa (Mertens ex Roth) Derbes et Soliera x x
Iyengaria stellata (Børgesen) Børgesena x
Rhodophyta
Ceramium sp.b x x
Centroceras clavulatum (C. Agardh) Montagneb x x x x x x
Acanthophora spicifera (M. Vahl) Børgesenb x x x
Chondria sp.b x x x
Laurencia spp.c x x x x x
Leveillea jungermannioides (Hering & Martens) Harveya x
Palisada perforata (Bory) K.W. Nama x x x x x x x x
Spyridia filamentosa (Wulfen) Harveyb x
Jania sp.a x
Gelidiella acerosa (Forsskål) Feldmann & G. Hamela x
Hypnea charoides J.V. Lamourouxb x x
Hypnea cornuta (Kützing) J. Agardhb x x x x x
Hypnea musciformis (Wulfen) J.V. Lamourouxb x x x
Hypnea spinella (C. Agardh) Kützingb x x x x x x
Hypnea valentia (Turner) Montagneb x x
Sarconema filiforme (Sonder) Kylinb x x x x x
Solieria robusta (Greville) Kylinb x x x
Gracilaria arcuata Zanardinia x x x x
Gracilaria canaliculata Sondera x x x x
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site(s) that the species has found (Continued)
Gracilaria corticata (J. Agardh) J. Agardha x x
Gracilariopsis sp.b x x
Champia spp.b x x x x x x x
Ceratodictyon variabile (J. Agardh) R.E. Norrisa x x x x
arecorded only in site 1. brecorded only in site 2. crecorded in both sites
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and almost the same value (~1 g dry wt m−2) in other
seasons. Furthermore, in comparison with red and
brown algae, the mean total biomass of green algae in
site 2 was considerably more than site 1 in all seasons
except summer (Fig. 2).
Diversity indices
In both sites the highest value of the Shannon-Wiener
diversity (H') was observed in spring, and the lowest
value of richness was recorded in autumn. However,
they showed a different seasonal pattern in theFig 2 Seasonal and vertical variation in the mean biomass of macroalgae d
Island. S1 (site 1); S2 (site 2)biomass, species richness and diversity. Macroalgae
abundance and richness showed no significant differ-
ences among seasons at both sites, whereas in site 1,
diversity was significantly higher in spring than in
other seasons (p < 0.05). In contrast, a similar seasonal
diversity (H') pattern was observed in site 2, with no
significant differences (p > 0.05) (Fig. 3).
Spatial and temporal variation of seaweeds
Chlorophyta
In general, the highest mean total biomass of green algae
was observed in the low intertidal level (Fig. 2). Theuring the sampling period, 2012–2013, in the eastern coasts of Qeshm
Fig. 3 Total biomass (g dry wt m−2), richness (number of species),
and diversity index (H′) of macroalage at each site by seasons
recorded during the sampling period, 2012–2013, at eastern coasts
of Qeshm Island. Different letters show significant differences
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tightly clustered groups which separated at a 77 % similarity
threshold. This suggests that the three zones are not signifi-
cantly different in distribution of green algae (Fig. 4).
Samples from winter-spring (group I) also clustered
apart from autumn-summer (group II) at an 11 % similar-
ity threshold, suggesting a significant difference between
two season-group (Fig. 5).
ANOSIM test results also indicated difference between
the communities of each pair of seasons: autumn-summer,
spring-summer (Table 2). The SIMPER analysis indicated
that the fluctuation in biomass of Ulva intestinalis and
Dictyosphaeria cavernosa were relevant for this separation,
respectively (Table 3). The results also outlined that Ulva
intestinalis dominated the species assemblage structure in
both autumn and winter whereas Ulva lactuca (6.1 ± 1.4 gdry wt m−2) dominated in spring. The mean biomass of
green algae was almost zero in summer.Ochrophyta (class Phaeophyceae)
During the study period the highest mean total biomass
of brown algae was observed in the low intertidal level
except in autumn site 2 in which the biomass expanded
to mid intertidal (Fig. 2). The cluster analysis indicated
that brown algae are not strongly clustered by zone, al-
though they formed two groups based on similarities in
their assemblage structure (Fig. 4).
In the case of seasonal variation, spring separated from
other seasons and a subgroup characterized putting au-
tumn and winter in a single group with nearly 84 %
similarities in assemblage structure (Fig. 5).
Results of One-Way ANOSIM showed that brown algae
assemblages in autumn were different from that of sum-
mer (Table 2). According to the SIMPER analysis the spe-
cies’ seasonal differences were attributed to fluctuating
biomass of Padina australis (Table 3). Furthermore,
Colpomenia sinuosa (9 ± 3.8 g dry wt m−2) was the domin-
ant species in the assemblage structure of Phaeophyceae
in winter and Padina sp. dominated in other seasons.Rhodophyta
The result of cluster analysis of red algae differed from
that of green and brown algae in that the former showed
the high intertidal level as a single group, while the latter
indicated the low intertidal as a single group. The level of
separation (20 % similarity) was also considerable in com-
parison with two other groups of seaweeds. This suggests
that the low intertidal and mid intertidal levels have more
similarity in assemblage structure of Rhodophyta (Fig. 4).
High similarity between seasons was found (67–86 %)
(Fig. 5), denoting a low heterogeneity within assemblage
structure of Rhodophyta during the sampling period.
ANOSIM test results indicated differences between
season-groups: autumn-spring, winter-summer and
spring-summer (Table 2). As revealed by SIMPER analysis,
Champia spp.,Centroceras clavulatum and Palisada per-
forata were the species with higher contribution to the
dissimilarity between these groups, respectively (Table 3).
Additionally, Champia spp. (0.5 ± 0.3 g dry wt m−2),
Centroceras clavulatum (0.32 ± 0.02 g dry wt m−2),
Laurencia spp. (0.75 ± 0.43 g dry wt m−2), and Palisada
perforata (1 ± 0.2 g dry wt m−2) were the dominant spe-
cies in autumn, winter, spring and summer sequentially.Relationships between macroalgal assemblage and
environmental variables BIOENV
The results of the BIOENV analysis revealed that in the
study area the most important variables (among the five
Fig. 4 Cluster analysis of zonation pattern for macroalgae biomass data using Bray-Curtis similarity index
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were: TDS (0.83) and pH (0.79) (Table 4).
Discussion
The influence of time and space on ecological patterns is
a major challenge in marine community ecology (Hewitt
et al. 2007; Smale et al. 2010). This study provides the
first assessment of macroalgae assemblages in Qeshm
Island, Persian Gulf, with a quantification of diversity
among different months.
Our results were in agreement with other ecological
studies, where assemblage composition of macroalgae
significantly differed among seasons (Raffo et al. 2014).
These patterns are commonly related to the fluctuation
of many ecological factors (Williams et al. 2013).
In this study, the highest diversity was recorded for
Rhodophyta, which is characteristically diverse and abun-
dant in the macroalgae flora of Iran (Kokabi andYousefzadi 2015). However, the mean total biomass of red
algae was dramatically lower than those of green and
brown algae. This refers to the small filamentous morph-
ology of most Rhodophyta species in the study area.
In spite of the obvious differences in biomass (N),
richness (S) and diversity index (H′) among seasons at
both sites, these changes were only significant for H′
at site 1 (Fig. 3). This resut is not unexpected and has
been previously documented (Thongroy et al. 2007;
Raffo et al. 2014). Moreover, the values of the
Shannon-Wiener diversity index (H') obtained in this
study (between 1.11 and 1.95) were considerably lower
than those of Dadolahi-Sohrab et al., (2012) reported
from the northern coasts of Persian Gulf in Bushehr
province (between 2.28 and 2.87). Both urbanization
and substratum can cause such a low diversity in the
eastern coast of Qeshm Island. Few studies have ad-
dressed how physical and biological factors factors
Fig. 5 Cluster analysis of seasonal variation for macroalgae biomass data using Bray-Curtis similarity index
Table 2 ANOSIM test results showing the significance for the
composition of the macroalgal assemblages for each pair of
seasons by group of macroalgae (Chlorophyta, Phaeophyceae
and Rhodophyta)
Algae Chlorophyta Phaeophyceae Rhodophyta
Global R: 0.167 Global R: 0.229 Global R: 0.167
Pairwise test R R R
A vs. W 0.25 0 0.25
A vs. Sp 0.125 0 0.75
A vs. Sm 0.5 0.5 0.25
W vs. Sp 0.25 0 0.25
W vs. Sm 0 0 0.5
Sp vs. Sm 0.625 0.25 0.5
Winter (W), spring (Sp), summer (Sm), and autumn (A)
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Gulf. However, the result of studies from other parts of
the world revealed that abiotic factors such as substra-
tum, nutrients, water motion, sedimentation, pollution
and herbivores affect the structure and distribution of
algal communities at a local scale (Dıez et al. 2003).
The macroalgal growth and biomass are directly
controlled by nutrient availability in most temperate
coastal waters (Pedersen et al. 2010; Martínez et al.
2012). In temperate coastal waters, nitrogen and phos-
phorus concentrations of seawater are high in winter
and low in summer (Martínez et al. 2012). Further-
more, Hassanzadeh et al., (2011) reported that sea-
water is well mixed during winter in the Persian Gulf.
Hence, the result of this study which showed the high-
est biomass of macroalgae in winter may be
Table 3 SIMPER results showing the species of macroalgae
assemblages responsible for significant differences between
each pair of seasons
Algal groups Species Dissimilarity (%)
Chlorophyta Autumn vs. Summer
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season. Dadolahi-Sohrab et al., (2012) also demon-
strated that the period of maximum algal growth is
late winter to mid-summer along the northern coasts
of the Persian Gulf. In our study, the BIOENV analysis
indicated chemical parameters (TDS and pH) as sig-
nificantly influencing the macroalgal communities
along the easthern cost of Qeshm Island.
As is evident in many studies, seaweeds have devel-
oped different strategies to cope with nutrient seasonal
limitation. For example slow-growing perennials havelow uptake rates of nutrient. These species accumulate
large nutrient pools in winter, which support their
growth in spring ⁄summer when light levels increase.
Opportunistic algal forms, however, are fast-growing
species which exhibit a high capacity for nutrient uptake
to profit from conditions of nutrient enrichment. The
high rate of nutrient uptake in this group drives their
dominance in localities or seasons of high nutrient
and light availability. Since these species do not de-
velop significant storage pools, they become rapidly
limited when the supply diminishes (Martínez et al.
2012; Vaz-Pinto et al. 2014). This can explain the
dominance of Ulva species in this study during winter
which led to the highest total biomass of green algae
in this season along the eastern coast of Qeshm Island.
Ulva species are among the fast-growing algae (Phillips
and Hurd 2003) and showed differences over time, being
abundant in winter and early spring then vanishing in
summer, which may be attributable to the seasonal fluctu-
ation of nutrient supplies in seawater in the study area.
Our results revealed that Padina spp. was the most
important component of the macroalgae community
among Phaeophyceae, in the study area. This species
formed dense patches in mid-summer and gradually de-
creased in late autumn; but, never disappeared during
the year from the study area. Padina reproduction oc-
curs throughout the year which drives high recruitment
rates for this species (Thongroy et al. 2007; Kim 2012).
However, the strategies of annual seaweeds that develop
during late spring to summer in periods of low nutrient
supplies, are poorly investigated (Vaz-Pinto et al. 2014).
Among red algae (Rhodophyta) Centroceras clavulatum
and Palisada perforata played an important role in chan-
ging the community composition. Palisada perforata
which was scarce in site 1 is characteristic of oligotrophic
waters (Moreira et al. 2006). Centroceras clavulatum
(Ceramiaceae), on the other hand, is an annual alga re-
sistant to the pollution (Dıez et al. 2003). Moreover,
Caulerpa spp. and Ulva spp. (Chlorophyta) showed a
higher contribution than other Chlorophyta to the
dissimilarity among seasons. Although experimental
studies are needed for a better interpretation, presence
of the opportunistic seaweeds Ulva spp. along with
Hypnea musciformis, Hypnea spinella, Acanthophora
Kokabi et al. Marine Biodiversity Records  (2016) 9:96 Page 10 of 11spicifera, Centroceras clavulatum and Gracilaria spp. in
the macroalgae community of site 2 is indicative of a
degraded state, which is characterized by nutrient en-
richment, heavy metals and turbid conditions elsewhere
in the world (Moreira et al. 2006; Orlando-Bonaca et al.
2008; Cox and Foster 2013)
In terms of vertical distribution, the lower intertidal
level showed the highest abundance of macroalgae as it
was reported by other studies (Scrosati and Heaven
2007; Kang and Kim 2012; Raffo et al. 2014). On a local
scale the upward distribution of organisms is mainly lim-
ited by desiccation in the intertidal zones (Nybakken
1993; Ingo´ lfsson 2005). It appears the red algae are
more usually confined to a single zone than the green
and brown algae, usually limited to the lowermost zone
sampled at the two sites and only poorly represented at
the mid-tide level.
However, green and brown algae showed more homo-
geneity between three intertidal levels (Fig. 4). The dif-
ferences of photosynthetic pigments of the three main
groups of algae and their tolerance to desiccation may
be important in coping with variation of light intensity
and hence influencing their vertical distribution in the
intertidal zone (Nybakken 1993).
Compared with other parts of the Qeshm Island, the
macroalgae community on the eastern coast is very sim-
ple due to the absence of slow-growing perennial macro-
algae such as Sargassaceae which have been reported
from other localities in the Qeshm Island (Sohrabipour
and Rabiei 1999; Fatemi et al. 2012). This could be re-
lated to the predominance of sandy-stony substrate and
urbanization at our study area, in contrast to the other
parts of the Island.
This study was an initial step toward understanding
the seaweed community dynamics in the Persian Gulf as
a sub-region of the Indian Ocean. Therefore, future re-
search is required on the environmental factors such as
nutrients affecting seaweed communities on different
coastlines of this area to enhance our knowledge of eco-
system functioning and help to predict the ecological re-
sponses to environmental changes, both natural and
anthropogenic. This study is a useful baseline that can
be built on in future studies.
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